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(54) Compression self-igniting gasoline engine 

(57) Stroke cycles of a self-igniting gasoline engine 
(10) comprising an intake stroke, compression stroke, 
power stroke and exhaust stroke are performed 
sequentially by a piston (12), and self ignition of the fuel 
mixture is performed by compression of the fuel mixture 
in the compression stroke. The strokes of the piston (1 2) 
are detected by a sensor (23), and an electronic control 
unit (1) controls a valve timing adjustment mechanism 
(15, 18) so that a sealed period occurs when both an 
exhaust valve (17) and intake valve (14) are closed in 
the vicinity of top dead center of the exhaust stroke. The 
electronic control unit (1) also controls the fuel injection 
timing of a fuel injector (19) so that fuel is injected into 
the combustion chamber (11) during the sealed period. 
The fuel injected into the hot gas in the sealed combus- 
tion chamber (11) causes pre-combustion reactions, 
and thereby modifies the gasoline composition to a 
more reactive composition containing aldehydes so that 
compression self-ignition occurs easily. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a gasoline engine 5 
which performs compression self-ignition combustion. 

BACKGROUND OF THE INVENTION 

[0002] Tokkai Hei 7-3321 41 published by the Japa- w 
nese Patent Office in 1 995 discloses a gasoline engine 
which is made to perform self ignition to improve heat 
efficiency. 

[0003] In this engine, gasoline fuel is injected into 
an intake port to form a premixed fuel mixture, and 15 
causes self-ignition by compressing the premixed fuel 
mixture with the high compression ratio of a direct injec- 
tion diesel engine, i.e., 14 to 20. As self ignition occurs 
at plural locations in the combustion chamber, the com- 
bustion period can be shortened, even in the case of an 20 
fuel mixture having a lean air-fuel ratio, compared with 
the case where spark ignition is performed. For this rea- 
son, running at a lean air-fuel ratio which was impossi- 
ble in a spark ignition engine can be performed, and fuel 
consumption can be largely reduced. 25 
[0004] This engine is further equipped with a spark 
plug, and performs spark ignition under running condi- 
tions which demand a fuel mixture in the vicinity of the 
stoichiometric air-fuel ratio, such as running on full load. 

30 

SUMMARY OF THE INVENTION 

[0005] However, if the compression ratio is 
increased, when spark ignition is performed in an .fuel 
mixture in the vicinity of the stoichiometric air-fuel ratio, 35 
knocking easily occurs. In order to avoid knocking, it is 
necessary to limit the advance of the ignition timing. 
However, limiting the advance of the ignition timing 
largely reduces the generated torque compared with a 
spark ignition gasoline engine of ordinary compression 40 
ratio. 

[0006] It is therefore an object of this invention to 
decrease the compression ratio of a gasoline engine 
which uses compression self-ignition and spark ignition 
in conjunction. 45 
[0007] It is a further object of this invention to 
improve the condition in a combustion chamber of a 
gasoline engine for performing compression self-igni- 
tion. 

[0008] In order to achieve the above objects, this so 
invention provides a compression self-igniting gasoline 
engine wherein stroke cycles comprising an intake 
stroke, a compression stroke, a power stroke and an 
exhaust stroke are repeated sequentially by a piston, 
and self-ignition of a fuel mixture is performed by com- 55 
pression of the fuel mixture in the compression stroke. 
The engine comprises a fuel injector facing the combus- 
tion chamber, an intake valve which introduces intake 



m 

air to the combustion chamber, an exhaust valve which 
ejects burnt gas from the combustion chamber, a sen- 
sor which detects the strokes of the piston, a valve tim- 
ing adjustment mechanism which varies an open / close 
timing of the intake valve and the exhaust valve, and a 
microprocessor. The microprocessor is programmed to 
control the valve timing adjustment mechanism so that a 
sealed period when both the exhaust valve and the 
intake valve are closed, appears near top dead center of 
the exhaust stroke and control the fuel injection timing of 
the fuel injector so that the fuel is injected into the com- 
bustion chamber in the sealed period. 
[0009] This invention also provides a compression 
self-igniting gasoline engine comprising a fuel injector 
facing the combustion chamber, an intake valve which 
introduces intake air to the combustion chamber, an 
exhaust valve which ejects burnt gas from the combus- 
tion chamber, a mechanism for detecting the strokes of 
the piston, a mechanism for varying an open / close tim- 
ing of the intake valve and the exhaust valve, a mecha- 
nism for controlling the valve timing adjustment 
mechanism so that a sealed period when both the 
exhaust valve and the intake valve are closed, appears 
near top dead center of the exhaust stroke, and a mech- 
anism for controlling the fuel injection timing of the fuel 
injector so that the fuel is injected into the combustion 
chamber in the sealed period. 

[0010] The details as well as other features and 
advantages of this invention are set forth in the remain- 
der of the specification and are shown in the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 is a schematic diagram of a compression 
self-igniting gasoline engine according to this 
invention. 

Figs. 2A and 2B are timing charts describing a 
valve lift timing of an intake valve and exhaust valve 
with which the engine is equipped. 

Figs. 3A-3E are diagrams showing various states of 
a combustion chamber when the engine is running 
on low load. 

Figs. 4A-4D are diagrams showing various states of 
the combustion chamber when the engine is run- 
ning on high load. 

Figs. 5A and 5B are diagrams describing the rela- 
tion between the engine load, valve lift and a fuel 
injection timing. 

Figs. 6A and 6B are diagrams describing the rela- 
tion between an engine rotation speed, the valve lift 
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and fuel injection timing. 

Fig. 7 is a flowchart describing a control routine of 
the fuel injection timing and an ignition type 
change-over performed by an electronic control unit 
according to this invention. 

Fig. 8 is a diagram showing the contents of a map 
of ignition type and fuel injection timing stored by 
the electronic control unit. 

Fig. 9 is a diagram showing the contents of a map 
of ignition type stored by the electronic control unit. 

Figs. 1 0A. 1 0B are similar to Figs. 5A, 5B but show- 
ing a second embodiment of this invention. 

Figs. 11 A. 11B are similar to Figs. 6A, 6B, but 
showing the second embodiment of this invention. 

Fig? *?A *?n rfca^rams showing various 
states ot t*#» rr^nw^Ttcn <- number of a compression 
self igrwt;' g yts-ji.n* e- ;«n e according to a third 
emboa rr* ^ :•■ ?■ .^^o. when the engine is 
runmnq *c..« •: 

Fig. 13 is a 'irvn ; ; webbing the valve lift, fuel 
injection tu— ^ - ,* k a*k timing, of the engine 
accord nrj*c c^todiment. 

Fig. 14 is sirimy to f-ig 13. but showing a fourth 
embodment of rnis »nvent»on. 

Fig. 15 is a diagram describing the relation between 
the engine load vafve »rt. fuel injection timing and a 
spark timing ot a compression self igniting gasoline 
engine acceding to a fifth embodiment of this 
invention. 

Fig. 16 is similar to Fig. I5 t but showing a sixth 
embodiment of this invention. 

Fig. 17 is similar to Fig. 13, but showing a seventh 
embodiment of this invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0012] Referring to Fig 1 of the drawings, a four 
stroke cycle compression self-igniting gasoline engine 
10 for vehicles according to this invention comprises a 
combustion chamber 11 which is expanded and con- 
tracted by a reciprocating piston 12. 
[0013] An intake port 13 and exhaust port 16 facing 
the combustion chamber 1 1 are formed in the engine 
10. 

[0014] An intake valve 14 is provided in the intake 
port 13. 



[0015] An intake passage 13A is connected to the 
intake port 13. Air is aspirated from the intake passage 
13A into the combustion chamber 1 1 through the intake 
port 13,when the intake valve 14 is open. A throttle 22 

5 which adjusts the intake air flowrate is provided in the 
intake passage 13A. A fuel injector 19 and spark plug 
20 are provided in the engine 10 facing the combustion 
chamber 1 1 . Fuel injected into the combustion chamber 
11 from the fuel injector 19 is mixed with the air aspi- 

70 rated from the intake port 1 3. The piston 12 compresses 
this fuel mixture. 

[0016] The compressed fuel mixture burns by self- 
ignition due to the heat of compression, or by spark igni- 
tion due to a spark of the spark plug 20. 

15 [0017] An exhaust valve 17 is provided in the 
exhaust port 16. Burnt gas is discharged into the atmos- 
phere through an exhaust passage, not shown, from the 
exhaust port 16, when the exhaust valve 17 is open. 
[0018] A valve timing adjustment mechanism 15 is 

20 provided to change the open / close timing of the intake 
valve 14, and a valve timing adjustment mechanism 18 
is provided to change the open / close timing of the 
exhaust valve 1 7. The valve timing adjustment mecha- 
nisms 15, 18 may be devices which are provided with 

25 plural cams with different profiles for driving the valve at 
different timings and a mechanism for selectively apply- 
ing one of these cams. Such devices are disclosed by 
Tokkai Hei 9-203307 published by the Japanese Patent 
Office in 1997. Alternatively, a solenoid valve open / 

30 close mechanism may also be used. 

[0019] The fuel injection amount and injection tim- 
ing of the fuel injector 19, the spark timing of the spark 
plug 20, the opening of the throttle 22, and the open / 
close timing of the intake valve 1 4 and the exhaust valve 

35 17 by the valve timing adjustment mechanisms 15, 18, 
are controlled by signals output from an electronic con- 
trol unit 1 (abbreviated hereafter as ECU 1). 
[0020] To perform this control, signals from an air 
flow meter 21 which detects the intake air flowrate in the 

40 intake passage 13A, a crank angle sensor 23 which 
detects a crank angle of the engine 10, an accelerator 
pedal depression sensor 24 which detects the depres- 
sion amount of an accelerator pedal, and a starter 
switch 25 which detects startup of the engine 10, are 

45 input to the ECU 1 . 

[0021] The ECU 1 comprises a microcomputer 
equipped with a central processing unit (CPU), read- 
only memory (ROM), random access memory (RAM), 
and input / output interface (I/O interface). 

so [0022] With the above construction, the electronic 
control unit 1 determines whether to perform spark igni- 
tion combustion or compression self-ignition combus- 
tion according to a rotation speed N calculated from the 
crank angle of the engine 10, and engine load T repre- 
ss sented by the depression amount of the accelerator 
pedal. According to the determination result, the throttle 
opening, valve timing of the intake valve 14 and exhaust 
valve 17, fuel injection amount and injection timing of 
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the fuel injector 19, and ignition timing of the spark plug 
20 are determined, and corresponding signals are out- 
put. 

[0023] Next, the control of valve timing performed 
by the ECU 1 will be described referring to Figs. 2A and 
2B. When spark ignition combustion is performed, the 
ECU 1 controls the intake valve 1 4 and exhaust valve 1 7 
so that their valve opening periods overlap in the vicinity 
of compression top dead center (TDC) of the exhaust 
stroke of the piston 12 as shown in Fig. 2A. 
[0024] When compression serf-ignition combustion 
is performed,the valve closing periods of the intake 
valve 14 and exhaust valve 17 overlap in the vicinity of 
compression top dead center (TDC) of the exhaust 
stroke of the piston 12, as shown in Fig. 2B. During this 
overlap period, the combustion chamber 1 1 is sealed. 
[0025] Next, the state of each stroke during low load 
operation of the engine 10 will be described with refer- 
ence to Figs. 3A-3E. 

[0026] During low load, valve timings for compres- 
sion self-ignition combustion shown in Fig. 2B are 
applied by the valve timing adjustable mechanisms 15 
and 18. 

[0027] In the first half of the exhaust stroke of the 
piston 12, exhaust gas from the combustion chamber 1 1 
is ejected from the exhaust valve 1 7 via the exhaust port 
16 as in an ordinary engine, as shown in Fig. 3A. 
[0028] In the second half of the exhaust stroke, the 
exhaust valve 17 closes and the ascending piston 12 
compresses the exhaust gas in the combustion cham- 
ber 1 1 , as shown in Fig. 3B. The exhaust gas reaches a 
high temperature and pressure due to this compression. 
At the end of the exhaust stroke, fuel is injected from the 
fuel injector 19 into the combustion chamber 1 1 which is 
in a sealed state. 

[0029] Pre-combustion reactions due to the injec- 
tion of fuel into the high temperature gas occur, and the 
composition of the gasoline changes to a more reactive 
composition containing aldehydes. The degree of this 
composition change depends on the time for which 
gasoline remains in the hot gas. If the fuel injection tim- 
ing is advanced, the gasoline composition is brought to 
a high level just before combustion starts. Conversely, if 
the fuel injection timing is retarded, the composition 
change takes place only in a small part of the injected 
fuel. 

[0030] In the first half of the following intake stroke, 
the fuel mixture containing gasoline of modified compo- 
sition is expanded to near atmospheric pressure while 
the intake valve 14 and exhaust valve 17 remain closed. 
In the second half of the intake stroke, the intake valve 
14 is opened and fresh air is aspirated from the intake 
port 13 to the combustion chamber 1 1 , as shown in Fig. 
3C. 

[0031] In the compression stroke, the mixture of hot 
air-fuel of modified composition and fresh air is com- 
pressed as shown in Fig. 3D, and compression serf-igni- 
tion eventually occurs as shown in Fig. 3E. 



[0032] Due to the increase of temperature and 
pressure of the fuel mixture in the combustion chamber 
1 1 , and the effect of the compositional modification, this 
compression self ignition takes place at a lower com- 
5 pression ratio than that of a prior art compression self 
ignition engine. Therefore, the compression ratio of the 
engine 10 may be set to 10-20, i.e., the lower limit can 
be set lower than in a prior art compression self -ignition 
engine. If the compression ratio is lowered, even when 
to running under full load when spark ignition is per- 
formed, knocking does not easily occur even when the 
ignition timing is considerably advanced. 
[0033] For this reason, a large torque can be gener- 
ated by advancing the ignition timing. 
15 [0034] In a power stroke of the piston 1 2, gas which 
underwent self-ignition combustion depresses the pis- 
ton 12, and generates an output torque. 
[0035] Next, the state of each stroke during high 
load operation of the engine 10 will be described refer- 
20 ring to Figs. 4A-4D. 

[0036] During high load operation, the valve timing 
for spark ignition combustion shown in Fig. 2A is applied 
by the valve timing adjustment mechanisms 1 5 and 1 8. 
[0037] In this case, exhaust, intake, compression 
25 and power strokes are performed as in the case of an 
ordinary spark ignition gasoline engine, and ignition of 
the fuel mixture by the spark plug 20 is performed near 
compression TDC as in an ordinary spark ignition gaso- 
line engine. 

30 [0038] Next, control of compression self-igniting 
combustion during low load operation performed by the 
electronic control unit 1 will be described. 
[0039] Compression self-ignition is affected by the 
temperature in the combustion chamber 11, pressure, 

35 fuel concentration and the composition change degree 
of the fuel in the combustion chamber 1 1 , and the com- 
pression serf-ignition timing is advanced more the larger 
these factors are. In other words, compression ignition 
takes place at a lower compression ratio. However, from 

40 the viewpoint of heat efficiency of the engine 1 0, it is 
desirable that compression serf-ignition is started near 
compression TDC. 

[0040] When the engine load is high, the fuel con- 
centration in the fuel mixture is high, so the compres- 

45 sion serf-ignition timing is advanced. Conversely, when 
the engine load is low, the fuel concentration in the fuel 
mixture is low, so the compression self-ignition timing is 
retarded. Therefore, in order to obtain a fixed compres- 
sion self-ignition timing for different loads, the fuel injec- 

50 tion timing must be changed according to the engine 
load. 

[0041] Referring to Figs. 5 A and 5B, three kinds of 
fuel injection are performed alternately as the load T of 
the engine 10 varies during compression serf-ignition 
55 combustion. These are a sealed period injection in the 
low load region, a compression stroke injection in the 
medium load region, and an intake stroke injection in 
the high load region. 
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[0042] The sealed period injection injects fuel when 
the combustion chamber 1 1 is sealed. The injection tim- 
ing is also advanced the lower the load. This means that 
the composition change in gasoline fuel is performed to 
a high degree the lower the load. 
[0043] The compression stroke injection injects fuel 
in the compression stroke of the piston 1 2. This pro- 
motes compression self-ignition by producing an 
enriched fuel concentration layer in the combustion 
chamber (11), without changing the composition of the 
injected fuel. Further, in the compression stroke injec- 
tion, the fuel injection timing is retarded the lower the 
load, and diffusion of the injected fuel in the combustion 
chamber 1 1 is suppressed. 

[0044] Fuel reforming and fuel mixture stratification 
are both means to promote compression self-ignition, 
but when these are compared, there is the following dif- 
ference. In the latter half of the compression stroke, the 
temperature of the gas in the combustion chamber 11 
rises sharply due to compression, but the temperatures 
of the wall surface forming the combustion chamber 1 1 
and the piston 1 2 cannot catch up with this, and as a 
result, the temperature of the wall surface or the piston 
12 is low compared with the gas temperature. 
[0045] Therefore, gas in contact with the wall sur- 
face is at a lower temperature than the gas the near the 
center of the combustion chamber 11, and a thermal 
boundary layer appears between these gases at differ- 
ent temperature. This phenomenon is called wall sur- 
face quenching. 

[0046] In compression self-ignition combustion, 
unlike the case of spark ignition, flame propagation 
does not take place, so unburnt materia! remains in the 
fuel mixture on the low temperature side of the thermal 
boundary layer, and this easily generates hydrocarbons 
(HC). 

[0047] However, in stratified combustion, the fuel 
mixture is concentrated around the spark plug 20, and 
fuel does not diffuse to the low temperature side of the 
thermal boundary layer. Therefore, generation of hydro- 
carbons (HC) can be suppressed. 
[0048] That is, in compression self-ignition combus- 
tion of a stratified fuel mixture, there is an advantage in 
that less hydrocarbons (HC) are produced than in com- 
pression self-ignition combustion by combined fuel 
reforming and uniform combustion. The reason why the 
electronic control unit 1 applies fuel mixture stratification 
in the medium negative load region without depending 
solely on fuel reforming to promote compression self- 
ignition, is due to this factor. 

[0049] The intake stroke injection injects fuel in the 
intake stroke after the sealed period of the combustion 
chamber 1 1 has elapsed. As the fuel concentration is 
high on heavy load, a proper compression self-ignition 
timing can be obtained even if stratification of the fuel 
mixture under a medium negative load is not performed. 
Therefore, in the intake stroke injection, the injection 
timing is fixed without depending on the load. 



[0050] At the same time, the rotation speed N of the 
engine 10 also affects the compression self-ignition tim- 
ing. As the time required for the composition change of 
the fuel does not vary even if the rotation speed N of the 

5 engine 1 0 is changed, if fuel injection is set to take place 
at a specific crank angle, the compression self-ignition 
timing will vary with the rotation speed. For example, 
when the rotation speed is low, the crank angle at which 
compression self-ignition starts advances. Conversely, 

70 if the rotation speed N is high, the crank angle at which 
compression self-ignition starts is retarded. For this rea- 
son, in order that compression self-ignition is induced at 
the same crank angle without depending on rotation 
speed, the fuel injection timing must be varied depend- 

15 ing on the rotation speed. 

[0051] Referring to Figs. 6A and 6B, the electronic 
control unit 1 applies three kinds of fuel injection timing 
as the rotation speed N of the engine 10 varies during 
compression self-ignition combustion. These are a 

20 sealed period injection, a compression stroke injection 
and an intake stroke injection similar to those of Figs. 5A 
and 5B. 

[0052] In the low rotation speed region, an intake 
stroke injection is performed with a fixed timing. 

25 [0053] In the medium rotation speed region, a com- 
pression stroke injection is performed. In the compres- 
sion stroke injection, the injection timing is also retarded 
the higher the engine rotation speed N. If the injection 
timing is retarded, the degree of fuel concentration 

30 around the spark plug 20 will become higher when the 
vicinity of compression top dead center (TDC) is 
reached. Hence, by shortening the ignition delay time 
from injection to firing, compression self-ignition is 
made to occur with the same timing without depending 

35 on the variation of rotation speed A/. 

[0054] The sealed period injection is performed in 
the high rotation speed region. In the sealed period 
injection, the fuel injection timing is also varied accord- 
ing to the rotation speed N. When the rotation speed N 

40 is low, the composition change period when the fuel 
injection is performed at a fixed crank angle becomes 
longer than in the case where the rotation speed N is 
high. 

[0055] Therefore, the injection timing is retarded the 
45 lower the rotation speed N so that the composition 
change level of the gasoline near compression TDC 
becomes almost equal. 

[0056] In the above description, the relation of the 
engine load T and injection timing, and the relation of 

50 the rotation speed N and the injection timing, were 
treated individually, but in practice the fuel injection tim- 
ing must be determined depending on both the engine 
load T and rotation speed /V. Therefore, the ECU 1 
determines the fuel injection timing by looking up a map 

55 shown in Fig. 8 which combines the characteristics 
shown in Fig. 5A with those shown in Fig. 6A. By setting 
the fuel injection timing of the fuel injector 19 based on 
this map, compression self ignition can always be made 
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to occur in the vicinity of compression TDC even if the 
engine load T and the engine rotation speed N vary. 
[0057] The ECU 1 performs the above-mentioned 
control by running the routine shown in Fig. 7. This rou- 
tine will now be described. This routine is performed at 
an interval of, for example, TO milliseconds. 
[0058] First, in a step S10, an accelerator pedal 
depression amount detected by the accelerator pedal 
depression sensor 24, and a crank angle detected by a 
crank angle sensor 23, are read. 
[0059] In a next step S2, the load T of the engine 1 0 
is calculated from the accelerator pedal depression 
amount. 

[0060] Also, the rotation speed N of the engine 1 0 is 
calculated from the crank angle variation from the 
immediately preceding occasion when the routine was 
performed. 

[0061] In the next step SM, it is determined from 
the map of Fig 3 whether rjnning conditions corre- 
spond to a spark ignition combustion region, or to a 
compression s^w ^nTion r^mnuFtmn region, based on 
the load T and m?a?*r.n ^^^<i K As only the ignition 
region is read m tr e s?t*r S 1 simplified map shown 
in Fig. 9 may be use j i- rJ M ne map of Fig. 8. 
[0062] In a ntr«r svr r- L »s cietemnined from the 
read results wnetrn" r^""^ rontons correspond to 
the compression se* - t * r cor* Dustion region. If they 
correspond to tne comr».r?.s*on sen ignition combustion 
region, the routine proce* js ? z a step S24. If they do not 
correspond to the concession seii -ignition combustion 
region, the routine prjcven tc a step S18. 
[0063] The processing from the step S18 to a step 
S22 is equivalent to control for ordinary spark ignition 
combustion. In the step Si 8. tne opening of the throttle 
22 is set in proportion to tne load 7, and in the next step 
S20, the open / close timings ot the intake valve 14 and 
the exhaust valve t / are set to valve timings for spark 
ignition combustion shown in Pig 2A. Also, in the next 
step S22, the fuel injection amount and the fuel injection 
timing of the fuel injector 19, and the spark timing of the 
spark plug 20, are controlled as in an ordinary spark 
ignition gasoline engine, and the routine is terminated. 
[0064] On the other hand, the processing from the 
step S24 to a step S36 is control for compression self- 
ignition combustion. 

[0065] First, in the step tne opening of the 

throttle 22 is set to the maximum. 
[0066] In the next step S26. the open / close timings 
of the intake valve 14 and exhaust valve 17 are set to 
valve timings for compression self* ignition combustion 
with which the valve closing timings of the intake valve 
14 and exhaust valve 17 overlap, as shown in Fig. 2B. 
[0067] In the next step S28, it is again determined 
whether the running conditions correspond to a sealed 
period injection, compression stroke injection or intake 
stroke injection from the engine load T and rotation 
speed N by looking up the map of Fig. 8. 
[0068] When it is determined that the running con- 



ditions correspond to a sealed period injection in the 
step S28, the routine proceeds to a step S30. Here, the 
injection timing is again determined within the limits of 
the sealed period based on the engine load T and rota- 

5 tion speed N by looking up the map of Fig. 8. The rou- 
tine then proceeds to the step S36. 
[0069] When it is determined that the running con- 
ditions correspond to a compression stroke injection in 
the step S28, the routine proceeds to a step S32. Here, 

w the injection timing is again determined within the range 
of the compression stroke based on the engine load T 
and rotation speed N by looking up the map of Fig. 8. 
The routine then proceeds to the step S36. 
[0070] When it is determined that the running con- 

15 ditions correspond to an intake stroke injection in the 
step S28, the routine proceeds to a step S34. Here, the 
injection timing is fixed at a predetermined timing in the 
intake stroke, and the routine proceeds to the step S36. 
[0071] In the step S36, after injecting a fuel amount 

20 proportional to the engine load T at the determined 
injection timing, the routine is terminated. 
[0072] Next, a second embodiment of this invention 
will be described referring to Figs. 10A, 10B, 11 A and 
11B. 

25 [0073] This embodiment is an alternative to the set- 
ting of fuel injection timing shown in Figs. 5A, 5B, and 
Figs. 6A, 6B, of the first embodiment. 
[0074] In this embodiment, when the load T is equal 
to or greater than a predetermined load in the sealed 

30 period injection, a primary injection is performed in the 
sealed period, and a secondary injection is then per- 
formed in the compression stroke, as shown in Figs. 
10A, 10B. 

[0075] The ratio of the injection amounts of the pri- 
35 mary and secondary injections is set to become larger 
the smaller the load T, in other words, the proportion of 
the primary injection increases as the load T decreases. 
If the injection timing of the sealed period injection var- 
ies according to the load T as in the case of the first 
40 embodiment, the injection may be performed near the 
exhaust stroke TDC. 

[0076] When combustion of the immediately pre- 
ceding cycle is performed under a lean air-fuel ratio, 
oxygen is present in the burnt gas. As the valve closing 

45 timings of the intake valve 14 and exhaust valve 17 
overlap as shown in Fig. 2B, the burnt gas which 
remains in the combustion chamber 1 1 is compressed 
in the latter half of the exhaust stroke. If fuel injection is 
performed when burnt gas containing oxygen is com- 

50 pressed, there is a slight possibility that the injected fuel 
will ignite. This embodiment eliminates such a possibil- 
ity. The reason why the proportion of the primary injec- 
tion is increased when the load T is low, is that the 
injection amount is small at low load, and it is necessary 

55 to change the composition of the gasoline fuel to a high 
level in order that compression self-ignition occurs near 
compression TDC. 

[0077] According to this embodiment, the determi- 
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nation of whether or not the primary and secondary 
injections are to be performed is made based also on 
the engine rotation speed N as shown in Figs. 1 1 A and 
11B. 

[0078] Further, when the primary and secondary 5 
injections are determined to be performed, the ratio of 
the primary and secondary injections is determined 
depending also on the engine rotation speed N. Specif- 
ically, the proportion of the primary injection increases 
the larger the rotation speed A/. The time from injection w 
to compression self-ignition is shorter the higher the 
rotation speed N, therefore the time which is available 
for composition change is also shorter. 
[0079] Consequently, compression self-ignition is 
made to occur with the same timing by increasing the is 
proportion of the primary injection in which composition 
change takes place. 

[0080] Since the determination of whether or not 
the primary and secondary injections are to be per- 
formed as well as the determination of the ratio of the 20 
primary injection amount and the secondary injection 
amount are made depending on both the engine load T 
ard eng ne rotation speed N, the maps of Figs. 10A and 
11 A should be integrated into a map and the determina- 
tions should be made by referring to the integrated map, 25 
sim^-jr tD the case of the first embodiment where the 
m -*r ot = ig 5A and the map of Fig. 6A are integrated 
into T*>? mao of Fig. 8.. 

(0081) Next, a third embodiment of this invention 

* t>- d*- scribed referring to Rgs. 12A-12D and Fig. 13. 30 

(0O8?) ^».-gard«ng hardware, a compression self- 

* n '3 ^*5ohne engine 10A according to this embodi- 
f 'i.*v^s trom the engine 10 of the first and second 
emt** ji-H'^ts n nat the intake air of the engine 10A is 

crwi~:ed Dy a turbocharger. 35 
(0083) jn tnc other hand, regarding software, it dif- 
.,.,« Tfv3 frsi and second embodiments in that com- 
p'es: »or setf i^nnor combustion is performed only in 

u.w Kid j rtyLn. spark ignition of the fuel injected in 
r "-„« to?* 1 ^ct>i>iu" stroke is performed in the medium 40 
i-^t j ft?*jfjn and spa-k ignition of the fuel injected in the 
i-r.iKtr s^oie is performed in the high load region. The 
vfvvt; timings ot tie intake valve 14 and exhaust valve 
1 ; a?c vnncd according to the load 7, and in the low 
ioa:i '*yon wren compression self -ignition combustion 45 
is pe formed the period during which the combustion 
craa-De- 1 1 is sealed is set from when the exhaust 
va?vo 1 7 closes ourhg the exhaust stroke to when the 
intake vafve 14 opens in the intake stroke, as shown in 
F13S 12A '2C. That is. the characteristics of the first so 
embodiment shown in Fig. 2B are applied. 
[0084] On the other hand, under medium and high 
load when spark ignition combustion is performed, the 
valve opening timings of the intake valve 14 and 
exhaust vave are made to overlap near compression ss 
too dead center (TDC) of the exhaust stroke as shown 
in Fig. 2A of the first embodiment. 
[0085] In compression self-ignition combustion, the 



fuel injection timing of the fuel injector 1 9 is fixed at a 
predetermined timing in the sealed period. At the same 
time, in compression self-ignition combustion, the spark 
plug 20 performs auxiliary sparking. The injection timing 
of the compression stroke injection is fixed at a prede- 
termined timing in the compression stroke. Likewise, the 
injection timing of the intake stroke injection is fixed at a 
predetermined timing in the intake stroke. Also, in spark 
ignition combustion, the timing of spark ignition by the 
spark plug 20 is fixed near compression TDC. 
[0086] As a result, in the medium load region, strat- 
ified combustion by spark ignition takes place, and in 
the high load region, uniform combustion by spark igni- 
tion takes place. 

[0087] When a sealed period injection is performed, 
the spark plug 20 performs auxiliary sparking with a tim- 
ing almost equal to that of the sealed period injection in 
the sealed period, as shown in Fig. 12C and Fig. 13. 
This auxiliary sparking confers a large amount of 
energy to the burnt gas around the electrode of the 
spark plug 20, activates some of the oxygen molecules 
in the burnt gas, and generates free radicals. As the free 
radicals have unpaired electrons, their electrical bal- 
ance is unstable and their reactivity is very high, they 
cleave the C-C bonds of the fuel molecules in the hydro- 
carbon system, and tend to replace H in C-H bonds. 
Due to these reactions, the free radicals finally become 
aldehydes. This change promotes the combustion reac- 
tion by self-ignition of the fuel mixture in the vicinity of 
compression top dead center (TDC). As a result of this 
promotion of the combustion reaction by free radicals, 
stable compression self-ignition combustion is per- 
formed in this engine 10A up to high rotation speeds 
even when the compression ratio is set to 13 or less. 
[0088] Also, as the valve timings are set to provide 
a sealed period, a large amount of burnt gas remains in 
the combustion chamber 1 1 during compression self- 
ignition. Therefore, the oxygen concentration of the fuel 
mixture of injected fuel is low, and the combustion 
chamber 1 1 does not become excessively hot due to 
combustion of fuel mixture. 

[0089] Further, as compression self-ignition is 
simultaneous multipoint ignition unlike spark ignition, 
there is no local heating of parts due to flame propaga- 
tion as in the case of spark ignition. 
[0090] For this reason, generation of nitrogen 
oxides (NOx) can be suppressed. Still further, as com- 
bustion is performed again with a large amount of burnt 
gas remaining in the combustion chamber 11, the 
unburnt hydrocarbon (HC) contained in the burnt gas 
can be burnt, and the discharge of hydrocarbons (HC) is 
thereby reduced. 

[0091] Next, a fourth embodiment of this invention 
will be described referring to Fig. 14. 
[0092] The only difference of this embodiment from 
the third embodiment is in the timing of the auxiliary 
sparking by the spark plug 20 during sealed period 
injection. According to this embodiment, the auxiliary 
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spark timing is set between the opening of the intake 
valve 14 after the sealed period and bottom dead center 
(BDC) of the intake stroke. 

[0093] According to this embodiment, due to the 
opening of the intake valve 14, auxiliary sparking takes 5 
place when a large amount of oxygen is introduced into 
the combustion chamber 1 1 , and also in this embodi- 
ment, formation of free radicals is promoted by the aux- 
iliary sparking as in the third embodiment. 
[0094] Next, a fifth embodiment of this invention will 10 
be described referring to Fig. 15. 

[0095] In the third embodiment, the fuel injection 
amount of the fuel injector 1 9 decreases as the load T 
decreases. 

[0096] If the fuel injection amount is reduced, aide- 15 
hydes may not be properly formed even if auxiliary 
sparking is performed. 

[0097] Therefore, in this embodiment, as shown in 
Fig. 15, the timing S1 of the auxiliary sparking for the 
compression self-ignition combustion is advanced the 20 
lower the load T. The remaining features of the con- 
struction are the same as those of the third embodi- 
ment. 

[0098] Although the injection amount is small and 
the fuel mixture becomes lean under low load, accord- 25 
ing to this embodiment the auxiliary spark timing is 
advanced, so more time is available after auxiliary 
sparking for the proliferation of free radicals. In the fig- 
ure, F1, is the fuel injection timing under low load, F2 is 
the fuel injection timing under medium load, and F3 is 30 
the fuel injection timing under high load. S2 shows the 
spark timing of the spark plug 20 under medium load 
and high load. 

[0099] Next, a sixth embodiment of this invention 
will be described referring to Fig. 16. 35 
[0100] In this embodiment, by varying the injection 
timing of the fuel injector 19 of the sealed period injec- 
tion according to the load as in the first embodiment, a 
fixed compression self ignition timing is obtained for dif- 
ferent loads. Further, formation of free radicals is pro- 40 
moted by performing the auxiliary sparking at a timing 
shown by S1 in the figure. The remaining features of the 
construction are the same as those of the third embodi- 
ment. Also in this embodiment, composition change of 
the fuel injected in the sealed period is performed to a 45 
high level by the action of the free radicals due to auxil- 
iary sparking, and the compression self-ignition charac- 
teristic of the fuel mixture is enhanced. 
[0101] However, if the rotation speed N of the 
engine 1 is high, the time from fuel injection to auxiliary so 
sparking at the same crank angle will become shorter. It 
is thus also desirable to advance the injection timing as 
the rotation speed N becomes higher, as in the first 
embodiment, in order to make the time from injection to 
auxiliary sparking constant. 55 
[0102] Next, a seventh embodiment of this invention 
will be described referring to Rg. 17. 
[0103] In this embodiment, the fuel injection for 



compression self-ignition combustion in the fourth 
embodiment is divided into a primary injection per- 
formed in the sealed period, and a secondary injection 
performed in the compression stroke of the piston 12. 
Regarding the fuel injected in the primary injection, free 
radicals formed by auxiliary sparking of the spark plug 
20 after the end of the sealed period cause a composi- 
tion change of the gasoline. On the other hand, the fuel 
injected in the secondary injection in the compression 
stroke produces an enriched fuel concentration layer in 
the combustion chamber 11. Consequently, the com- 
bustion in the combustion chamber 1 1 is stratified com- 
bustion, and generation of hydrocarbons (HC) by wall 
surface quenching in the combustion chamber 11 is 
suppressed by the stratified combustion. 
[0104] According to the above embodiments, the 
compression ratio of the compression self-ignition 
engine can be set equal to or less than 13. Further, due 
to the composition change of fuel by fuel injection into 
the hot gas, and formation of free radicals by auxiliary 
sparking, compression self-ignition is possible even dur- 
ing a cold start of the engine 1 0. 

[0105] The contents of Tokugan Hei 11-131671, 
with a filing date of May 1 2, 1 999 in Japan, and Tokugan 
Hei 11-172752, with a filing date of June 18, 1999 in 
Japan, are hereby incorporated by reference. 
[0106] Although the invention has been described 
above by reference to certain embodiments of the 
invention, the invention is not limited to the embodi- 
ments described above. Modifications and variations of 
the embodiments described above will occur to those 
skilled in the art, in light of the above teachings. For 
example, the compression ratio is not necessarily set to 
13 or less. It may be set to a larger value according to 
the bore stroke ratio or maximum water temperature of 
the engine. 

[0107] The embodiments of this invention in which 
an exclusive property or privilege is claimed are defined 
as follows: 

Claims 

1. A compression self igniting gasoline engine 
wherein stroke cycles comprising an intake stroke, 
a compression stroke, a power stroke and an 
exhaust stroke are repeated sequentially by a pis- 
ton (12), and self-ignition of a fuel mixture is per- 
formed by compression of the fuel mixture in the 
compression stroke, comprising: 

a fuel injector (1 9) facing the combustion cham- 
ber (11); 

an intake valve (14) which introduces intake air 
to the combustion chamber (11); 

an exhaust valve (17) which ejects burnt gas 
from the combustion chamber (11); 
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a sensor (23) which detects the strokes of the 
piston (12): 

a valve timing adjustment mechanism (15, 18) 
which varies an open / close timing of the 5 
intake valve (14) and the exhaust valve (17); 
and 



2. A compression self-igniting gasoline engine as 
defined in Claim 1, wherein the engine (10) further 
comprises a sensor (24) which detects an engine 25 
load, and the microprocessor (1) is further pro- 
grammed to advance the fuel injection timing in the 
sealed period the lower the engine load. 

3. A compression self igniting gasoline engine as 30 
defined in Claim 1, wherein the engine (10) further 
comprises a sensor (23) which detects an engine 
rotation speed, and the microprocessor (1) is fur- 
ther programmed to advance the fuel injection tim- 
ing in the sealed period the higher the engine 35 
rotation speed. 

4. A compression self-igniting gasoline engine as 
defined in Claim 1 , wherein the engine (10) further 
comprises a sensor (24) which detects an engine 40 
load, and the microprocessor (1) is further pro- 
grammed to control the fuel injection timing of the 
fuel injector (1 9) so that fuel injection is performed 
when the intake valve (14) is open after the end of 

the sealed period without performing fuel injection 45 
during the sealed period, when the engine load is 
greater than a predetermined value. 

5. A compression self-igniting gasoline engine as 
defined in Claim 1 , wherein the engine (1 0) further so 
comprises a sensor (24) which detects an engine 
load, and the microprocessor (1) is further pro- 
grammed to control the fuel injection timing of the 
fuel injector (19) to perform a primary fuel injection 
during the sealed period, and perform a secondary 55 
fuel injection after the intake valve (14) has opened, 
when the engine load is greater than a predeter- 
mined value. 



6. A compression self-igniting gasoline engine as 
defined in Claim 5, wherein the microprocessor (1) 
is further programmed to control the fuel injection 
amount of the fuel injector (19) so that the ratio of 
the primary fuel injection and secondary fuel injec- 
tion is larger the lower the engine load. 

7. A compression self-igniting gasoline engine as 
defined in Claim 5, wherein the engine (10) further 
comprises a sensor (23) which detects an engine 
rotation speed, and the microprocessor (1) is fur- 
ther programmed to control the fuel injection 
amount of the fuel injector (19) so that the ratio of 
the primary fuel injection and secondary fuel injec- 
tion is larger the higher the engine rotation speed. 

8. A compression self igniting gasoline engine as 
defined in Claim 1, wherein the engine (10) further 
comprises a spark plug (20) facing the combustion 
chamber (11), and the microprocessor (1 ) is further 
programmed to control the spark plug (20) to per- 
form an auxiliary sparking during the sealed period. 

9. A compression self-igniting gasoline engine as 
defined in Claim 8, wherein the engine further com- 
prises a sensor (24) which detects an engine load, 
and the microprocessor (1) is further programmed 
to advance the spark timing of the spark plug (20) in 
the sealed period the lower the engine load. 

10. A compression self -igniting gasoline engine as 
defined in Claim 8, wherein the engine (10) further 
comprises a sensor (23) which detects an engine 
rotation speed, and the microprocessor (1) is fur- 
ther programmed to advance the spark timing of the 
spark plug (20) in the sealed period the higher the 
engine rotation speed. 

11. A compression self -igniting gasoline engine as 
defined in Claim 1, wherein the engine (10) further 
comprises a spark plug (20) facing the combustion 
chamber (11), and the microprocessor (1 ) is further 
programmed to control the spark plug (20) to per- 
form an auxiliary sparking after the sealed period 
ends and the intake valve (14) has opened. 

12. A compression self-igniting gasoline engine as 
defined in Claim 1, wherein the engine (10) further 
comprises a sensor (25) which detects an engine 
startup, and the microprocessor (1) is further pro- 
grammed to control the valve timing adjustment 
mechanism (15. 18) so that a sealed period when 
both the exhaust valve (17) and the intake valve 
(14) are closed appears in the vicinity of top dead 
center of the exhaust stroke, and to control the fuel 
injection timing of the fuel injector (19), during 
engine startup. 



a microprocessor (1) programmed to: 

w 

control the valve timing adjustment mecha- 
nism (1 5, 1 8) so that a sealed period when 
both the exhaust valve (17) and the intake 
valve (14) are closed, appears near top 
dead center of the exhaust stroke (S26); 15 
and 

control the fuel injection timing of the fuel 
injector (1 9) so that the fuel is injected into 
the combustion chamber (1 1 ) in the sealed 20 
period (S30). 
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13. A compression self-igniting gasoline engine as 
defined in Claim 1, wherein the compression ratio 
of the engine is set less than 13. 

14. A compression self-igniting gasoline engine as s 
defined in Claim 1 3, wherein the engine (1 0) further 
comprises a spark plug (20) facing the combustion 
chamber (11) and a sensor (24) which detects an 
engine load, and the microprocessor (1) is further 
programmed to control the fuel injector (19) and io 
spark plug (20) when the engine load is larger than 

a predetermined load, so that fuel is injected after 
the end of the sealed period, and the spark plug 
(20) ignites the fuel near the end of the compres- 
sion stroke. 15 

15. A compression self-ign'rting gasoline engine 
wherein stroke cycles comprising an intake stroke, 
a compression stroke, a power stroke and an 
e*haust stroke are repeated sequentially by a pis- 20 
ton ( 1 Pi. and self -ignition of a fuel mixture is per- 
formed by compression of the fuel mixture in the 
comoression stroke, comprising: 

a t L ei injector (1 9) facing the combustion cham- 25 

Der (1 1); 

an ntr-ke valve (14) which introduces intake air 
•o The combustion chamber (11); 

30 

an e**ausi valve (17) which ejects burnt gas 
toti the combustion chamber (11): 

^ ins t23) for detecting the strokes of the pis- 

•ontin 35 

means ttt>. "tt) for varying an open / close tim- 
ng cf the intake valve (14) and the exhaust 

40 

means (i. S2G) for controlling the valve timing 
adjustment mechanism (15, 18) so that a 
sefcieo period when both the exhaust valve (1 7) 
and the intake valve (14) are closed, appears 
near top dead center of the exhaust stroke; and 45 

means ( 1. S30) for controlling the fuel injection 
tim ng of the fuel injector (1 9) so that the fuel is 
njected nto the combustion chamber (11) in 
the sealed period. so 
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(54) Compression self-igniting gasoline engine 

(57) Stroke cycles of a self-igniting gasoline engine 
(10) comprising an intake stroke, compression stroke, 
power stroke and exhaust stroke are performed 
sequentially by a piston (12), and self ignition of the fuel 
mixture is performed by compression of the fuel mixture 
in the compression stroke. The strokes of the piston (1 2) 
are detected by a sensor (23), and an electronic control 
unit (1) controls a valve timing adjustment mechanism 
(15, 18) so that a sealed period occurs when both an 
exhaust valve (17) and intake valve (14) are closed in 
the vicinity of top dead center of the exhaust stroke. The 
electronic control unit (1) also controls the fuel injection 
timing of a fuel injector (19) so that fuel is injected into 
the combustion chamber (11) during the sealed period. 
The fuel injected into the hot gas in the sealed combus- 
tion chamber (11) causes pre-combustion reactions, 
and thereby modifies the gasoline composition to a 
more reactive composition containing aldehydes so that 
compression self -ignition occurs easily. 
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